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Effect of domestic sheep on chamois activity, distribution and
abundance on sub-alpine pastures
Abstract
Resource competition and disease transmission may occur when domestic and wild ungulates live
sympatricly. We investigated if the release of sheep (Ovis aries) onto alpine pasture in Switzerland
affected chamois (Rupicapra rupicapra) activity budgets, local population size and spatial distribution.
We also evaluated the risk of transmission of Mycoplasma conjunctivae (causing a contagious eye
disease) from sheep to chamois by examining if the two species had close contact with one another. We
carried out the study in an alpine valley containing two adjacent areas: one containing sheep
(Fochsenflue) and one where sheep were excluded (Spitzflue). We found no difference between the
activity budgets of the chamois at the two sites. At the Fochsenflue, chamois and sheep mainly used
separate areas. However, after approximately 1 month, sheep started to move twice per day, into the
main area of the chamois. The percentage time feeding, spatial distribution and numbers of chamois did
not change in response. Sheep were responsible for all encounters in which the two species came closer
than 50 m to each other. The encounters were brief, body contact never occurred, they were not
concentrated at saltlicks and chamois mainly ended them. The results suggest that the presence of sheep
had little effect on the chamois. However, competition between the two species could still be occurring
over a longer time scale. Finally, we found that the risk of inter-specific transmission of IKC through
direct body contact is likely to be low, but the risk through indirect means (flies or aerosols) remains.
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Abstract  21 
 
Resource competition and disease transmission may occur when domestic and wild ungulates live 
sympatricly. We investigated if the release of sheep (Ovis aries) onto alpine pasture in Switzerland 24 
affected chamois (Rupicapra rupicapra) activity budgets, local population size and spatial distribution. 
We also evaluated the risk of transmission of Mycoplasma conjunctivae (causing a contagious eye 
disease) from sheep to chamois by examining if the two species had close contact with one another. We 27 
carried out the study in an alpine valley containing two adjacent areas; one containing sheep 
(Fochsenflue), and one where sheep were excluded (Spitzflue). We found no difference between the 
activity budgets of the chamois at the two sites. At the Fochsenflue, chamois and sheep mainly used 30 
separate areas. However, after approximately one month, sheep started to move twice per day, into the 
main area of the chamois. The percentage time feeding, spatial distribution and numbers of chamois did 
not change in response. Sheep were responsible for all encounters in which the two species came closer 33 
than 50m to each other. The encounters were brief, body contact never occurred, they were not 
concentrated at saltlicks and chamois mainly ended them. The results suggest that the presence of sheep 
had little effect on the chamois. However, competition between the two species could still be occurring 36 
over a longer timescale. Finally, we found that the risk of interspecific transmission of IKC through direct 
body contact is likely to be low, but the risk through indirect means (flies or aerosols) remains.   
 39 
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Introduction 
 
The presence of domestic livestock can adversely affect the spatial distribution, activity budgets and/or 45 
the diets of wild ungulates (Kie 1996; Kie et al. 1991; Loft et al. 1991; Putman 1996). This competition 
for space and food may also have consequences for reproductive success, and long-term population 
dynamics (Forsyth 2000; Forsyth and Hickling 1998; Madhusudan 2004; Mishra et al. 2004). When 48 
domestic and wild animals live sympatricly there is also the risk of disease transmission and there are 
many pathogenic infectious diseases that can infect sympatric wildlife and domestic animals (Daszak et 
al. 2000; Frölich et al. 2002; Gaffuri et al. 2006; Giacometti et al. 2002a; Gortázar et al. in press; Jansen 51 
et al. 2007; Morgan et al. 2006).  
 
In Switzerland, sheep are released in early summer on alpine pastures and their numbers have increased 54 
greatly in the last 50 years. For example, there were 165 000 sheep in Switzerland 1950, 291 000 sheep in 
1970 and 444 811 sheep in 2003. The number of sheep in the Swiss Alps during summer is also more 
than twice the number of chamois living there (Anonymous 1999; Anonymous 2005). The time when 57 
sheep are usually released on the alpine pastures (between the end of May and beginning of June) 
coincides with the time of the early lactation period in chamois. It is already known that the presence of 
sheep affects the spatial distribution of some populations of Rupicapra pyrenaica (Pépin & N’Da 1991; 60 
Rebollo et al. 1993).  
 
Infectious keratoconjunctivitis (IKC) occurred in our study area from 1998-1999 and the resulting 63 
chamois mortality was estimated at 27% (Degiorgis et al. 2000). IKC is caused by Mycoplasma 
conjunctivae and is characterised by inflammation of the conjunctiva and cornea. In the most advanced 
stages, the cornea is opaque or even perforated. Recent studies in eastern Switzerland indicate that M. 66 
conjunctivae infection is not self-maintained in chamois. However, the disease is endemic and self-
maintained in the domestic sheep population. Therefore outbreaks of IKC may result from sheep living 
adjacent to chamois (Belloy et al. 2003; Giacometti et al. 2002b).  69 
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The mycoplasmal organisms responsible for IKC can only survive for a short time in the environment. 
Therefore interspecific transmission must occur either by direct contact or over short distances 72 
(Giacometti et al. 2002a). Flies may play a role in interspecific transmission of M. conjunctivae and they 
can also cause avoidance behaviour in ungulates (Degiorgis et al. 1999; Fauchald et al. 2007). Although 
chamois generally avoid sheep, the available evidence suggests that they often meet at places such as 75 
saltlicks, and therefore these locations may provide conditions where disease transmission is more likely 
to occur (Degiorgis et al. 2002; Pépin and N’Da 1991; Rebollo et al. 1993; Richomme et al. 2006).  
 78 
The aim of this study was to determine if the presence of domestic sheep on sub-alpine pastures in 
summer affected the activity budgets, spatial distribution and numbers of chamois. We also evaluated the 
risk of IKC transmission from sheep to chamois, by observing the encounters between the two species, 81 
and determining if saltlicks were places of high encounter rates. Data collection was carried at two 
adjacent sites populated by chamois; one area with sheep, and a second an area without sheep.  
 84 
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Materials and methods 
 
Study area 87 
The study was carried out at Euschels (46º 38’ N / 7º 17’ E) in Canton Fribourg, Switzerland, from May 
15 to September 4, 2003. Because of late snow cover it was not possible to begin observations earlier in 
the year. The valley is approximately 4 km2 in size, runs in a north-south line, and has an altitudinal range 90 
from 1381m to 2103m above see level. The valley floor consists of pastures that are used for cattle 
grazing in summer. The mountain slopes are steep and characterized by rock faces, pastures, scree and 
sporadic tree groups. The study area consisted of two adjacent parts of the east-facing valley slope; the 93 
southern study site called Fochsenflue, and the northern part called the Spitzflue. There was a walking 
trail for tourists to the tops of each part of the study sites. The Fochsenflue was approximately 65ha in 
size and there was a raised meadow (approximately 18ha) contained in its northern section. The Spitzflue 96 
was approximately 30ha in size. Domestic animals have been excluded from the Spitzflue since 2001 and 
previously it was also used as a sheep pasture during summer. The requirements for our study were very 
specific in that we needed adjacent locations; one containing both sheep and chamois and a second area 99 
with chamois and from where sheep had been excluded. 
 
At the beginning of the study, one saltlick was present at both the Fochsenflue and the Spitzflue. A 102 
second saltlick was provided at the Fochsenflue on July 20. Salt was also sprinkled for the sheep at one 
other location within the Fochsenflue. 
 105 
Study animals 
The chamois were free to move over all the study area and they also use it throughout the year (E. 
Peissard, E. J. Perritaz, pers. comm.), and hunting is allowed in the study area during autumn. No detailed 108 
data concerning the numbers of chamois at the study sites were available.  
 
Approximately 100 sheep were released in a fenced area in the northern meadow of the Fochsenflue on 111 
May 30. The flock was not guarded and consisted of females, lambs and one adult male. This area was 
 6 
either fenced or natural obstacles such as cliffs prevented the sheep from leaving. After June 11, part of 
the fence was removed and it was possible for the sheep to go further south into the area used by the 114 
chamois. However they remained at all times on the meadow until July 3. After July 3, the sheep 
continued to spend most time on the meadow, but regularly moved twice (rarely only once) per day into 
the southern half of the Fochsenflue; once in the morning (between 6h-7h for approximately one hour) 117 
and once in the afternoon (between 14h-15h for approximately two hours). After August 29 they were 
fenced within the southern part of the Fochsenflue.  
 120 
Observations 
We carried out simultaneous observations of the Fochsenflue and Spitzflue between May 15 and 
September 4, 2003. The day was divided into two observation periods; period one from 6.00 to 13.00, and 123 
period two from 12.30 to 21.00. We carried out either observation period one or period two each day, and 
collected data concerning activity budgets of chamois, spatial distributions of both chamois and sheep, 
and encounters between the two species. During the observation periods, we also noted the presence or 126 
absence of tourists in the study area. For each day we recorded the temperature with a digital thermometer 
at 12:30 in the shade at the observation point for the Fochsenflue.  
 129 
Activity budgets 
We randomly chose female chamois and watched them for 30 minutes, noting at 1-minute intervals their 
behaviour. We avoided repeating focal watches of the same animal within the same observation period. 132 
All focal watches were carried out on females with kids, because they formed the largest demographic 
group, and there were only a few males in the study area. The behaviour was divided into the following 
categories; feeding, walking, lying, standing.  135 
 
Spatial distribution and number of animals 
We recorded the spatial distribution and numbers of the chamois four times per day at both study sites. 138 
The observed animals were classified into females, males, yearlings, kids, and chamois that could not be 
identified. Counts were carried out in the morning (6.00-8.00), at approximately midday (11.00-13.00), in 
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the afternoon (15.30-17.30) and in the evening (19.00-21.00). During the same time periods, we also 141 
recorded the spatial distribution of the sheep at the Fochsenflue. The daily recordings were at least three 
hours apart to avoid autocorrelation (Harris et al. 1990; Swihart and Slade 1985), using a map that was 
divided into 100m2 sections. 144 
 
Encounters between chamois and sheep 
A distance of 50m is the commonly used distance for large mammals to belong to the same social group 147 
(Clutton-Brock et al. 1982; Ruckstuhl and Ingold 1999). We therefore defined an interspecific encounter 
between a chamois and a sheep when individuals of the two species came within 50m of one another. 
Distances were estimated using body lengths of the animals and known field marks. We then recorded the 150 
location of each encounter using a map that was divided into 100m2 sections, and the duration of that 
encounter.  
 153 
Data analysis 
We carried out all statistical analyses using SPSS. Results were considered statistically significant if P < 
0.05. Data were tested for normality with the Kolmogorov-Smirnov or the Shapiro-Wilks tests, depending 156 
on the sample size. Homogeneity of variances was tested with the Levene’s test. All means are given with 
standard errors.  
 159 
All comparisons carried out to test for an influence of sheep on chamois at the Fochsenflue, refer to the 
time periods in which the sheep stayed in the northern meadow (before July 3) and after they used the 
southern section once or twice per day (after July 3). They do not refer to the complete presence or 162 
absence of the sheep. We tested for the influence of time of day on the feeding behaviour of chamois by 
dividing the observations into five 3-hour classes (6.00-9.00, 9.00-12.00, 12.00-15.00, 15.00-18.00, 
18.00-21.00). All home range analyses refer to the total area used by all the animals. 165 
 
Feeding formed the largest part of the activity budget of chamois (see Results) and therefore we tested if 
the presence of sheep affected this key component of their activity budget. Firstly, we tested the 168 
 8 
percentage time spent feeding by chamois at the two study sites (Fochsenflue and Spitzflue) using a 
Mann-Whitney U-Test. We then checked for the influence of sheep, month, time of day and temperature 
on the percentage time feeding by chamois at the Fochsenflue, with a univariate general linear model 171 
(GLM). Almost all the observations of chamois before the sheep used the southern part of the 
Fochsenflue were during June. Therefore we could not test for the influence of the sheep and the month in 
the same test and we carried out two separate GLMs. The first GLM to test the influence of sheep, time of 174 
day and temperature on the percentage time feeding. The second GLM to check for the influence of 
month, time of day and temperature on the percentage time feeding. We carried out an arcsine square-root 
transformation of the data. 177 
 
We processed the spatial distribution data of chamois and sheep in ArcView. We used all records of at 
least one chamois per square and carried out a kernel home range analysis to examine which areas of the 180 
Fochsenflue were used. We then divided the spatial data into two periods (before July 3 and after July 3), 
and carried out two 95% kernel home range analyses to determine if the sheep affected the spatial 
distribution of the chamois. We calculated the overlap of the two areas. We used a 100% minimum 183 
convex polygon to illustrate the area used by the sheep. If we had used a kernel home range analysis for 
the sheep, we would not have been able to show the important southern areas that they visited for brief 
intermittent periods after July 3, and which brought them closest to the chamois (see Results).  186 
 
We used the mean of the counts of chamois at the Fochsenflue from the morning (6.00 to 8.00) and 
midday (11.00 to 13.00), or from midday (11.00 to 13.00) and evening (19.00 to 21.00) to determine if 189 
the sheep affected the number of chamois using the area. We did not include the kids because they 
accompanied adult females and therefore their distribution was not independent (Ruckstuhl and Ingold 
1998). We tested for the influence of sheep, month, tourists and temperature on the number of chamois 192 
with a GLM. Again (see above) we could not test for the influence of sheep and month in the same test. 
Therefore we carried out two separate GLMs; one to test the influence of sheep, tourists 
(presence/absence) and temperature on the number of chamois. We used presence/absence of tourists 195 
rather than the number of tourists, because their numbers and level of disturbance were not necessarily 
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related. We carried out a second GLM to check for the influence of month, tourists, and temperature on 
the number of chamois. We calculated the mean number of chamois in the same manner for the Spitzflue 198 
(no sheep present), and tested the influence of month, tourists (presence/absence), and temperature on the 
mean number of chamois, using a GLM. 
 10 
Results 201 
 
Activity budgets of chamois at the Fochsenflue and Spitzflue  
Overall, females at the Fochsenflue (sheep present) and Spitzflue (sheep absent) had very similar activity 204 
budgets. Chamois at the Fochsenflue spent 47 ± 2% of the time feeding, 33 ± 3% lying, 13 ± 1% standing 
and 7 ± 1% walking. Chamois at the Spitzflue spent 48 ± 4% of the time feeding, 28 ± 4% lying, 17 ± 2% 
standing and 7 ± 1% walking. There was no significant difference in the time spent feeding between the 207 
chamois at the two study sites (Mann-Whitney U-test: Z= -0.30, N1=191, N2 = 77, P = 0.76). 
 
Time spent feeding by chamois at the Fochsenflue and the effect of sheep 210 
The overall model with the percentage time feeding as the dependent variable and the presence of sheep 
(before July 3, N = 30, after July 3, N= 149), time of day and temperature as independent variables, was 
significant (GLM: N = 179, F6,172 = 3.18, P = 0.005, r2 = 0.10). The time of day had a significant influence 213 
on the time that chamois spent feeding (P < 0.001, Figure 1). The presence of the sheep (in the southern 
section of the Fochsenflue, P = 0.42), and temperature (P = 0.76) were not related to the time that 
chamois spent feeding. In a second GLM, we used month as a variable instead of sheep. The overall 216 
model with the percentage time feeding as the dependent variable, and month, time of day and 
temperature as independent variables was significant (GLM: N = 179, F7,171 = 3.34, P = 0.002 , r2 = 0.12). 
The time of day was again significantly related to the time spent feeding (P < 0.001). The month (P = 0.1) 219 
and temperature (P = 0.17) were not related to the time spent feeding. 
 
Spatial distributions of chamois and sheep 222 
The chamois used 43 ha out of approximately 65 ha at the Fochsenflue (N = 395). The spatial distribution 
of the chamois did not change as a result of the daily movements of the sheep into the southern section of 
the Fochsenflue (Figure 2, before July 3, N=86, after July 3, N= 309). The two areas used by chamois 225 
before and after July 3, overlapped by 81.2% (Figure 2). Figure 2 also illustrates the areas used by sheep 
before and after July 3.  
 228 
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Numbers and density of chamois at the Fochsenflue and Spitzflue 
The mean numbers of chamois per day at the Fochsenflue and Spitzflue are given in Table 1. These 
represented densities of 0.26 ± 0.2 and 0.21 ± 0.03 chamois per ha at the Fochsenflue and Spitzflue, 231 
respectively.  
 
Number of chamois at the Fochsenflue in relation to sheep, tourists, temperature and month  234 
The overall model with the mean number of chamois per day as the dependent variable, and the presence 
of sheep (before July 3, N = 11, after July 3, N = 33), tourists and temperature as independent variables, 
was not significant (GLM: N = 44, F3,40 = 1.84, P = 0.16 , r2 = 0.12). In addition, none of the independent 237 
variables were significantly related to the mean number of chamois per day (P > 0.05). In a second GLM, 
the overall model with the mean number of chamois per day as dependent variable, and month, time of 
day and temperature as independent variables, was not significant (GLM: N = 44, F5,38 = 2.30, P = 0.06 , 240 
r2 = 0.23). Again none of the independent variables were significantly related to the mean number of 
chamois per day (P > 0.05). 
 243 
Number of chamois at the Spitzflue in relation to tourists, temperature and month  
The overall model with the mean number of chamois per day as dependent variable, and month, tourists 
and temperature as independent variables, was not significant (GLM: N = 26, F5,20 = 1.53, P = 0.23, r2 = 246 
0.28). Temperature had a significant negative influence on the number of chamois (P = 0.02). Month and 
the presence of tourists were not related to the number of chamois (P > 0.05). 
 249 
Encounters between chamois and sheep 
We observed 30 encounters in which chamois and sheep got closer than 50m to each other and these only 
occurred when sheep moved into the southern section of the Fochsenflue toward the chamois (Mean 252 
duration = 14.3 ± 2.3min; mean minimum distance = 19.6 ± 1.8m). Chamois never used the northern 
meadow of the Fochsenflue (used by the sheep) and there were no encounters directly at the saltlicks, or 
where salt had been sprinkled for the sheep. Only 3/30 encounters took place within the 100m2 of the 255 
saltlick, in the area used by chamois. All sex and age classes of chamois except kids alone had encounters 
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with sheep. We observed the following encounters: between female chamois without kids and sheep (n = 
10), females with kids and sheep (n = 6), yearling chamois and sheep (n = 10), male chamois and sheep (n 258 
= 3), and one encounter in which we could not assign sex and ages. The encounters were generally short: 
16 encounters were less than 10 minutes, 6 were between 10 and 20 minutes, and only two encounters 
lasted more than 30 minutes. Encounters were significantly more likely to be ended by chamois (23/30) 261 
than by sheep (7/30; χ² = 17.07, df = 1, P = 0.001).  
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Discussion 264 
 
When domestic and wild herbivores live sympatricly, interspecific competition for resources can occur, 
and there may also be increased disease transmission risk (Gortázar et al. in press; Putman 1996). In this 267 
study, we investigated if the presence of sheep lead to a change in the behaviour or spatial distribution of 
chamois, and we also quantified the number of encounters (<50m) between the two species. The 
encounters were used to assess the risk of transmission of IKC from sheep to chamois, and particularly if 270 
saltlicks were places with high rates of encounters between the two species. The activity budgets of 
chamois at the Fochsenflue (sheep present) and Spitzflue (sheep absent) were similar, and the presence of 
sheep did not affect the time spent feeding by chamois, or the number of chamois present at the 273 
Fochsenflue. Chamois and sheep normally used separate parts of the Fochsenflue. However, even after 
the sheep started to move twice per day into the part of the Fochsenflue used by the chamois, the overall 
spatial distribution of the chamois did not change. Sheep were responsible for all encounters (n = 30), but 276 
chamois were mainly responsible for ending these encounters. It is possible that the number of sheep 
present was not high enough to induce a change in the time spent feeding of chamois (Kie et al. 1991) and 
that there was also a passive tolerance of sheep by chamois, if sheep did not get too close (Pépin and 279 
N’Da 1991). The time of day was the only variable that significantly influenced the time spent feeding by 
chamois, with peaks in the morning and evening. This is consistent with most of the literature (Ingold et 
al. 1998; Pépin and N’Da 1991). The percentage time feeding by chamois did not change from June to 282 
August and similarly, temperature was not related to the time spent feeding.  
 
The overall spatial distribution of the chamois did not change because of the sheep. Chamois and sheep 285 
mainly used separate parts of the Fochsenflue and this is also consistent with other research (Pépin and 
N’Da 1991; Rebollo et al. 1993). It is not clear why chamois avoided the northern part of the Fochsenflue 
(occupied by the sheep) but it is possible that they could have been avoiding areas of vegetation with 288 
heavy contamination of sheep faeces and therefore higher risk of gastrointestinal parasite infection 
(Hutchings et al. 2000, 2002). After July 3, the sheep moved into the southern section of the Fochsenflue 
occupied by the chamois, twice per day; in the early morning for approximately 1 hour, and in the 291 
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afternoon for approximately 2 hours (S. Rüttimann, unpubl. data). Although this caused a short-term 
displacement of the chamois (S. Rüttimann, personal observation), the method we used to quantify their 
overall home range showed that there was no large scale change in their spatial distribution. 294 
 
We could not start observations before mid May because of snow cover at the study site and therefore we 
do not have detailed data on the numbers of chamois before the sheep were released. However, the 297 
movements of the sheep at the Fochsenflue did not affect the mean number of chamois per day. The 
month did not influence the number of chamois at either the Fochsenflue or Spitzflue. Temperature was 
weakly related to the number of chamois present at the Spitzflue each day, but not related to chamois 300 
numbers at the Fochsenflue. The Fochsenflue contained more shaded places than the Spitzflue (S. 
Rüttimann, personal observation) and this may explain why we did not find an influence of temperature at 
the Fochsenflue. Human leisure activities such as walking could also result in a reduction in chamois 303 
numbers (Enggist and Ingold 2003; Schnidrig and Ingold 2001). However, we found that tourists did not 
influence the number of chamois at the study sites. 
 306 
All the encounters between chamois and sheep occurred in the southern part of the Fochsenflue and 
happened when sheep moved into areas already occupied by chamois. The ending of most of these 
encounters by the chamois demonstrates their  intolerance of sheep in close proximity. Encounters did not 309 
occur directly at saltlicks and the salt that was sprinkled in the area mostly used by the sheep, was never 
used by chamois. The chamois used a saltlick in the southern part of the Fochsenflue throughout the day 
and this saltlick, although accessible, was not used by the sheep. Our findings contrast with other research 312 
which found that saltlicks represented locations with high rates of interspecific encounters (Degiorgis et 
al. 2002; Richomme et al. 2006). The best method to avoid possible encounters at saltlicks would be to 
remove saltlicks from an area. However if having no saltlicks is not an option, then a reduction in close 315 
contacts between chamois and sheep might be achieved by placing sufficient saltlicks in the different 
main areas used by the two species. Our results suggest that the interspecific transmission of Mycoplasma 
conjunctivae (IKC) through direct contact is unlikely. However, because chamois and sheep came within 318 
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distances of less than 50 metres to one another, transmission of Mycoplasma conjunctivae via aerosols or 
flies could still be possible (Degiorgis et al. 1999). 
 321 
Overall, our results indicate that sheep did not influence the feeding behaviour, spatial distribution or 
numbers of chamois, and the transmission of IKC from sheep to chamois through direct body contact is 
unlikely. However, to provide stronger support for these findings it is necessary to expand this research to 324 
cover multiple study sites and seasons. Grazing by sheep during the summer probably makes food less 
available for chamois at other times of the year when vegetation growth is restricted (Putman 1996; 
Mysterud 2000). Therefore adult chamois survival and population densities may be affected in the longer 327 
term (Gallaird et al. 2000). Sheep grazing may also cause lower survival for chamois offspring and 
therefore lower population growth, if their presence results in adult females having less good quality 
forage available during the early lactation period. These questions could only be addressed with long-term 330 
population studies.  
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Figure Legends 
Figure 1. The significant relationship between time of day and percentage time feeding by 432 
chamois. 
 
Figure 2. Kernel home range analysis (95%) of the area used by chamois before (July 3, N = 86) and after 435 
the sheep used the southern section of the Fochsenflue once or twice per day (after July 3, N = 309). The 
area used by sheep before July 3 (N = 67) and after July 3 (N = 172) is illustrated using a 100% minimum 
convex polygon. Map reproduced with the permission of  swisstopo (BA071275) 438 
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Table 1.  Numbers of chamois at the Fochsenflue and Spitzflue 
 Females Males Yearlings Kids  Not 
identified 
Total 
 
Fochsenflue 7.1 ± 0.7 0.4 ± 0.1 3.4 ± 0.3 4.5 ± 0.5 1.3 ± 0.2 16.7 ± 1.5 
Spitzflue 3.0 ± 0.5 0.3 ± 0.1 0.8 ± 0.3 1.9 ± 0.3 0.2 ± 0.1 6.2 ± 0.8 
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